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cocoa batches with high aroma potential are generally 
obtained from fermentations with moderate nib acidifi- 
cation (pH 5-0-5-5), whereas strong acidification (pH 
4-0-4-5) results in raw cocoas with low aroma potential 
(Biehl et al. y 1985). Fermentation-like incubations of 
cocoa seeds under controlled laboratory conditions 
have revealed that, at pH 4-0-4-5, an unspecific proteo- 
lysis of all the seed proteins takes place, whereas, at pH 

5 0-5-5, distinct vacuolar storage proteins are selec- 
tively degraded (Biehl et al„ 1982). The polypeptides 
that are selectively degraded during seed incubations at 
pH 5-0-5 5 have been shown recently to be the 
polypeptide sub-units of a vicilin-type globulin (Spencer 

6 Hodge, 1992; Voigt et a/., 1993). 

The finding that there is a correlation between the 
formation of cocoa-specific aroma precursors, proteo- 
lysis of seed proteins, and the degree and time course of 
acidification during the fermentation process has led to 
the development of a procedure (post-harvest storage 
of cocoa pods) that has improved raw-cocoa quality in 
Malaysia (Biehl et a/., 1989; Meyer et a/., 1989). 

Ungerminated cocoa seeds contain a single endopro- 
tease, i.e. an aspartic protease with maximal activity 
around pH 3-5 (Passern 1979; Biehl & Passern, 1982; 
Biehl et a/., 1991). This enzyme should therefore be 
involved in the generation of the cocoa-specific aroma 
precursors. However, strong acidification of the nib 
during fermentation (pH 4 0-4 5) causes a low aroma 
potential, although the endoprotease is more active at 
even lower pH values. On the other hand, accumula- 
tion of hydrophobic free amino acids has been found 
during fermentation or fermentation-like incubations of 
cocoa seeds (KirchhofT et al % \9%9a t b). The finding 
that, at pH 5 5, considerably higher amounts of amino 
acids are liberated than at pH 4-5 (Kirchhoff et al. % 
\9%9b) may be an indication that an exopeptidase is 
also involved in the formation of cocoa-specific aroma 
precursors. On the other hand, the higher flavour 
potential obtained at pH 5-0-5-5 could be due to the 
selectivity of storage-protein degradation observed at 
moderate nib acidification (Biehl et a/., 1982). We have 
therefore investigated the generation of cocoa-specific 
aroma precursors by in- vitro proteolysis starting from 
acetone-dry powder prepared from ungerminated cocoa 
seeds. 



MATERIALS AND METHODS 
Materials 

Cocoa seeds were obtained from ripe, genetically 
undefined pods harvested at the Cocoa and Coconut 
Division of the Malaysian Agricultural Research and 
Development Institute (MARDI, Hilir Perak, 
Malaysia). Unfermented seeds were taken from the 
pods immediately after arrival (four or five days 
after harvesting), shock-frozen in liquid nitrogen after 
removal of testae and radicular and freeze-dried. 
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Extraction of fat 

The dry cotyledons were crushed and extracted re- 
peatedly in a Soxhlet apparatus with petroleum ether 
(bp 40-70°C). After solvent evaporation, the material 
was powdered and extracted again for 8 h in the same 
manner. Finally, purine alkaloids were partially ex- 
tracted with chloroform for 8 h in a Soxhlet apparatus. 

Preparation of acetone-dry powder (AcDP) 

Acetone-dry powder (AcDP) of cocoa seeds was pre- 
pared essentially as recently described (Kirchhoff et at., \ 
1989a). To remove the polyphenols, the defatted seed j 
powders were extracted three times with 80% (v/v) 
aqueous acetone containing 5mM sodium ascorbate and 
subsequently with 70% (v/v) aqueous acetone. The 
suspensions (200 ml aqueous acetone per 10 g seM 
powder) were stirred for 1 h at 4°C and the extracts ! 
removed by centrifugation (15 min at 13 OOOg). After '• 
the final extraction step, the efficiency of polyphenol . 
extraction was checked by heating an aliquot of the 
acetone-dry powder with 5m HC1 (red colour indicates 
the presence of residual polyphenols). After complete 
extraction of polyphenols, residual water was removed 
by extraction with 100% acetone. After final centri- 
fugation, the sediment was evaporated under reduced 
pressure to remove the solvent. The acetone-dry powder 
(AcDP) was stored at -20°C. 

Autolysis 

Acetone-dry powder from ungerminated ripe cocoa 
seeds (80 g each) was suspended in 8 litre of distilled 
water. The pH value was adjusted to 3 5 by the addi- 
tion of acetic acid or to 5 2 by the addition of sodif| 
acetate buffer (final concentration: 10mM) or to 6 8 W 
the addition of sodium phosphate buffer (final concen- 
tration: 5mM). The suspensions were incubated at 
50°C, in a shaking water bath for 16 h. Autolysis at pH 
6-8 was stopped after 8 h, the suspension adjusted to 
pH 5-5 by the addition of acetic acid, and further incu- 
bated at 50°C for another 8 h. 

Extraction of proteolysis products 

After incubation, methanol was added to a final con- 
centration of 70% (v/v). The suspensions were stirred at 
room temperature for 1 h and centrifuged at 20 000$ 
for 30 min. The supernatants were collected and the 
methanol was removed under pressure at 40°C by ! 
means of a rotary evaporator. Finally, the aqueous I 
solutions were freeze-dried. 

The following yields of methanol-soluble proteolysis 
products were obtained from 80 g AcDP: 

pH 3 5: 18-21 g 

pH5 2: 10-13 g 

pH 6 8/pH 5-5: 2-3 g 



preformation of cocoa-specific aroma precursors 

. JV Amino-acid analyses 

Digestions with carboxypeptidases A and ^ 



175 
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HPLC analysis of peptides 

Pemide mixtures were analysed by reversed-phase HPLC 

S ZsT^\^ SU H^on of the pep- 
tides was performed at 30°C and a flow rate 
with 0 1% (v/v) aqueous trifluoroacetic : acid (7 mm) and 
suhseauentlv with a linear gradient from 0 to 5tr/o tv/y, 
subsequently w.u. o trifluoroacetic acid 

acetonitrile containing 0 1 /« tv/vj J"" . g8Q v 
(Bennett el a/-. 1980; Mahoney & Hermodson, 1980V 
£ Sing peptides were monitored by measunng the 
absorbance of the effluents at 210 nm. 



The amino acids were converted into the o-phthalalde- 
ILTcWA^ derivatives, separated by reversed-phase 
HFLC by In, a Shandon H ypersil ODS 5 (240 mm X 
?6 mm) column and a Shandon Hypersil ODS .10 
on mm x 4 6 mm) precolumn as recently described 
Z^e"., mil The effluents -^onaored 
fluorometrically with a Hitachi model F-3000 spectro 
Suoromeler (excitation at 334 nm; emission measured 
at 425 nm). 

Enzyme assays 

S^SSSe was isolated from cocoa seeds as 
^escrSd elsewhere (Biehl e, a,., 1993). Enzyme ^acuvity 
tas measured in Mcllvaine buff er (0-2 moUhtre 
Na HP0 4 adjusted to the desired pH value by the add. 
rion of citric acid). The 1-ml reaction mixtures con- 
Ui„ed°9 mg of bovine serum albumin as substrate and 

!S am w/v) The precipitated protein was removed 
by Jntr^gaUon at 10 Oo6g for 15 min. Subsequently 
nJouolysis was measured colonmetncally by the 
KXo-benzenesulfonic acid method as described by 
Shutov et al. (1982). 

Carboxy peptidase activity nm was sus . 

Polyphenol-free acetone-dry powder Ac ^ P) J a b \ S ^ 

£ bath in the p,«*n« of ,0 «/nn P^aun A (Svm 
lne aspartic andop.o.aas. B,aM « «/ ; 1991 "» » 
JSKScSME MPOU 

£TSo ^'of a ,» sua* so.u U o» ■« m^anoa 

removed by centrifugation at lOOOOg for 15 mm. 
Sw the released leucine was determined co onmet- 
riSly by the trinitrobenzene-sulfonic acid method as 
described by Shutov et al. (1982). 



Uucine-v-nitroanilide-cleaving activity 
pSyphenol-free AcDP was homogenized m MOm 
nTJ HPO adiusted to P H 6 8 by the addition of citric 
add (3?m AcSp/mlVThe homogenate was pr^mcu- 
bated in the presence of 10 ^g/ml pepstatin A (Sigma 
Chemie Deisenhofen. Germany) for 1 h in an , icebath 
SwEbil aspartic endoprotease. Aliquots (0 2 ml) of 
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the pre-incubated homogenates were mixed with 
0 2 ml of 2rnM L-leucine-/>-nitroanilide (Sigma Chemie, 
Deisenhofen, Germany) and 5-6 ml of Mcllvaine buffer 
(0 2m Na 2 HP0 4 adjusted to the indicated pH values 
by the addition of citric acid). The reaction mixtures 
were incubated at 45°C for 2 h. Finally, the hydrolytic 
liberation of />-nitroaniline was determined photometri- 
cally at 400 nm (Passern, 1979; Biehl et ai y 1993) after 
removal by centrifugation of the insoluble material. 



RESULTS 

It has been supposed that the cocoa-specific aroma pre- 
cursors are proteolysis products formed during fermen- 
tation by proteolysis of seed proteins by endogenous 
proteases of the cocoa seeds (Biehl et al, 1982, 1985). 
We have, therefore, tried to produce cocoa-specific 
aroma precursors by in-vitro proteolysis. To this end, 
acetone-dry powder (AcDP) prepared from unfer- 
mented ripe cocoa seeds was subjected to autolysis 
under different pH conditions. One set of incubations 
was performed at pH 3 5, the optimum pH of the pre- 
dominant endoprotease of ungerminaied cocoa seeds 
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(Fig. 1C; Biehl et a/., 1991, 1993). The second set of in- 
cubations was performed at pH 5-2 because raw cocoa 
with optimal aroma potential was obtained from 
fermentations in which nib acidification did not exceed 
pH 5 0 (Biehl et a/., 1985). It is striking that these 
optimal fermentation conditions correspond to the 
optimum pH of the carboxypeptidase of ungerminated 
cocoa seeds (Fig. IB; compare also Biehl et a/., 1993). 
Since the time course of the acidification may be 
important for the specificity of the proteolysis, we also 
performed two-step incubations at pH 6 8 and pH 5-5. 
These pH values were selected because a leucine-p- 
nitroanilide-cleaving enzyme activity with an optimum 
at pH 6-8 was found in ungerminated cocoa seeds 
(Fig. 1A). 

The proteolysis products obtained were extracted 
with 70% (v/v) methanol and (after removal of the 
solvents) tested for aroma precursors (Table 1). To this 
end, the extracted aroma precursors were formulated 
and roasted in the presence of reducing sugars and 
deodorized cocoa butter, and the resulting aromas were 
evaluated by two independent test panels. Since the 
analysis of cocoa- aroma -precursor extracts is not an 
established procedure of the cocoa-processing industry, 
aroma precursors extracted from fermented cocoa seeds 
(obtained from the Ivory Coast) were used as control. 
When this aroma-precursor extract prepared according 
to Mohr and his co-workers (1971, 1976) was analysed 
as described above, only 30% and 43%. respectively, of 

Table 1. Cocoa-specific aroma potentials of proteolysis products 
generated from cocoa seeds in situ or from isolated cocoa-seed 
proteins in vitro* 



pH — value 

Fig. 1. pH-Dependences of the activities of the leucine-^-ni- 
troanilide-cleaving enzyme (A), the carboxypeptidase (B), and 
lhe aspartic endoprotease (C) of ungerminated cocoa seeds. 
The pH-dependence of the aspartic endoprotease (A) was in- 
vestigated on the purified enzyme by using bovine serum al- 
bumin as substrate. The other enzyme activities were deter- 
mined in extracts of polyphenol-free acetone-dry powder 
from ungerminated cocoa seeds as described in the section 
headed Materials and Methods*. 



Source of proteolysis 
products 



Cocoa-specific aroma potential'' 



Fermented seeds 
(Ivory Coast) 

Autolysis of AcDP' 
at pH 5 2 

Autolysis of AcDP' 
at pH 6 8 and 
subsequently at pH 5 5 

Autolysis of AcDP 
at pH 3 5 



BS 


N 


3/7 


3/10 


(43) 


(30) 


3/7 


4/10 


(43) 


(40) 


0/7 


0/10 


(0) 


(0) 


0/7 


0/10 


(0) 


(0) 



a Aroma precursors were extracted with 70% (v/v) methanol. 
The extracts were passed through a polyamide column to re- 
move polyphenols. 

h Proteolysis products were formulated and roasted in the 
presence of reducing sugars as described in the section headed 
'Materials and Methods*. Roasting and sensory evaluation of 
the resulting aromas by sniffing analysis was performed inde- 
pendently at Braunschweig (BS) and Neuchatel (N). Values 
(mean values) are given as the number of test persons who 
have recognized cocoa and chocolate aroma, respectively, 
versus the number of test persons. Brackets: percentage of 
test persons who have recognized cocoa and/or chocolate 
aroma. 

' Polyphenol-free acetone-dry powder (AcDP) prepared from 
unfermented cocoa seeds was subjected to autolysis at the 
indicated pH values as described in the section headed 
'Materials and Methods*. 
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Fig. 2. Reversed- phase HPLC analysis of peptide mixtures 
isolated from fermented cocoa seeds (A) and in-vitro proteo- 
lysis obtained by autolysis of acetone-dry powder from unfer- 
mented cocoa seeds at pH 5 2 for 16 h (B), at pH 6 8 for 8 h 
and subsequently at pH 5 5 for another 8 h (C) and at pH 3-5 
(D), respectively. Elution of the Ultrasphere ODS 5 p column 
(4 6 mm X 25 cm) was performed at a flow rate of 10 ml/min 
with 0 1% (v/v) trifluoroacetic acid for 7 min followed by 
a linear gradient of 0 to 50% (v/v) aceionitrile containing 
0-]fl£» (v/v) acetonitrile (75 min). Elution of the peptides was 





Table 2. Release of amino acids 0 during proteolysis in cocoa 
seeds in situ* and of isolated cocoa-seed proteins in vitro* 



monitored at 210 nm. 



the lest persons of both panels recognized cocoa aroma 
by sniffing analysis (Table 1). The results of the sniffing 
analyses could not be improved by modifications of 
the formulation and roasting conditions. Obviously, 
some additional flavour notes apart from the roasting 
aromas of the precursors are required to obtain the 
complete impression of 'cocoa'. On the other hand, 
cocoa aroma was never found by any test person 
when the aroma-precursor extracts were substituted by 
peptide mixtures of different origin (data not shown). 

When polyphenol-free acetone-dry powder (AcDP) 
prepared from unfermented cocoa seeds was subjected 
to autolysis at pH 5 2 (16 h at 50°C) and subsequently 
extracted with 70% (v/v) aqueous methanol, an aroma 
precursor extract was obtained which — after roasting in 
the presence of reducing sugars — revealed a cocoa 
aroma that was recognized by 40% and 43%, respec- 
tively, of the members of both test panels (Table 1). 
Autolysis of AcDP at pH 3 5 or two-step autolysis at 
pH 6 8 and pH 5 5, however, did not result in the for- 
mation of cocoa-specific aroma precursors (Table 1). 

Peptides extracted with 70% (v/v) aqueous methanol 



Amino acid 



Seed 
fermentation 



Autolysis of AcDP 



at at at 

pH 5-2 pH 6-8/pH 5 5 pH 3 5 



Asp 


29 9 


350 


38 8 


40 7 


Glu 


110 


52-6 


89-9 


31 6 


Asn 


92-9 


53 6 


29 7 


16 1 


Ser 


67-2 


38-6 


13 4 


7-20 


Gin + His 


48-6 


805 


105 


162 


Gly 


37-7 


23-7 


198 


263 


Thr 


45-8 


40-6 


287 


5-93 


Arg 


7-67 


87-5 


110 


22-3 


Ala 


207 


. 136 


116 


24-2 


Tyr 


74-7 


36 1 


32-7 


171 


Trp 


14-9 


27-1 


23 8 


15 5 


Met 


13 3 


549 


82 9 


21 5 


Val 


128 


954 


98 1 


118 


Phe 


158 


206 


222 


70 1 


lie 


730 


68-6 


72-3 


8-63 


Leu 


232 


260 


259 


869 


Lys 


56-8 


97 1 


88-6 


350 


Total 


1 398 


1 394 


1 430 


433 



" Values given in nmol/mg AcDP dry weight. 
* After cocoa-seed fermentation. 

c After autolysis of acetone-dry powder prepared from unfer- 
mented seeds. 

from fermented cocoa seeds or from the different auto- 
lysis products were analysed by reversed-phase HPLC 
(Fig. 2). The extracts from fermented cocoa seeds 
(Ivory Coast; standard quality) and the methanol- 
soluble fraction of proteolysis products obtained by 
autolysis of AcDP at pH 5 2 revealed very similar 
HPLC chromatograms (Fig. 2A.B). The predominant 
proportion of the peptides was eluted in a few peaks at 
low concentrations of acetonitrile. A similar peptide 
pattern was obtained by two-step autolysis of AcDP at 
pH 6-8 and subsequently at pH 5 5 (Fig. 2C). However, 
the proportions of several more hydrophobic compo- 
nents were considerably increased as compared with 
one-step autolysis at pH 5 2 (Fig. 2B). After autolysis 
of AcDP at pH 3 5, a highly complex pattern of pre- 
dominantly hydrophobic peptides was obtained (Fig. 
2D). Analysis of the free amino acids revealed that 
leucine, alanine, phenylalanine, and valine were the 
predominant free amino acids in the extracts from fer- 
mented cocoa seeds (Table 2). The same free amino 
acids were found to be accumulated during one-step 
autolysis of AcDP at pH 5 2 and during two-step au- 
tolysis at pH 6 8 and pH 5-5 (Table 2). However, the 
relative proportion of free alanine was considerably 
higher in the extracts from fermented cocoa seeds than 
in the autolysis products (Table 2). On the other hand, 
larger amounts of phenylalanine were released in vitro 
than during fermentation. These findings are in accor- 
dance with the recent reports of Kirchhoff et al. 
(I989a,6). The products of the AcDP autolysis at pH 
3-5 contained considerably lower proportions of free 
amino acids than the autolysis products generated at 
pH 5-2 (Table 2). 
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Fig. 3. Reversed-phase HPLC analysis of peptide mixtures 
obtained by autolysis (16 h) of acetone-dry powder from 
ungerminated cocoa seeds at pH 3 5 without (A) and with 
post-treatment with carboxypeptidase A from porcine pan- 
creas (B,C). (A) Without treatment with carboxypeptidase A; 
(B) after a l-h treatment with carboxypeptidase A; (C) after a 
5-h treatment with carboxypeptidase A; (D) peptide mixture 
obtained by autolysis of acetone-dry powder at pH 5-2 for 
16 h. Separation conditions were the same as in Fig. 1. 



In conclusion, the generation of predominantly 
hydrophilic peptides (Fig. 2A,B) and hydrophobic free 
amino acids (Table 2) seems to be correlated with the 
formation of cocoa-specific aroma precursors (Table 1). 

Since the aspartic protease is the predominant endo- 
protease of ungerminated cocoa seeds (Passern, 1979; 
Biehl & Passern, 1982; Biehl et a/., 1991, 1993), it is ex- 
pected to be involved in the proteolytic formation of 
cocoa-specific aroma precursors. However, autolysis of 
AcDP at pH 3 5 — the optimum pH of the aspartic en- 
doprotease (Fig. 1C) — did not reveal cocoa-specific 
aroma precursors (Table 1). We have therefore con- 
cluded that some of the hydrophobic peptides gener- 
ated by the aspartic endoprotease (Fig. 2D) may be 
transformed to the cocoa-specific aroma precursors 
by the action of an exopeptidase. The question then 
arose of whether the carboxypeptidase or the leucine-p- 
nitroanilide-degrading enzyme activity is involved in 
this process. 

If the carboxypeptidase present in ungerminated 
: - ~e™«c;Wf» fnr the liberation of the 



Table 3. Release of amino acids by carboxypeptidases A and Y 
from peptides generated during pH-3-5 autolysis of cocoa-seed 

AcDP" 

Amino acid Carboxypeptidase A Carboxypeptidase Y 



Asp 

Glu 

Asn 

Ser 

Gin + 

Gly 

Thr 

Arg 

Ala 

Tyr 

Trp 

Met 

Val 

Phe 

He 

Leu 

Lys 

Total 



His 



/ = 0 


/ = 1 h 


/ = 5 h 


t = 1 h 


/ = 5 h 


407 


44-4 


41 5 


48 1 


590 


31-0 




*>i -ft 


33-0 


35-8 


16 1 


280 


45-7 


27-2 


52-4 


7-20 


13 2 


20-0 


14 8 


23-2 


16 2 


30-3 


635 


35-9 


55-7 


2-63 


4 88 


9-45 


3-22 


661 


5-93 


12 4 


41-4 


28-7 


570 


22-3 


20 5 


21 7 


220 


23 1 


24-2 


62 1 


851 


61 0 


97-3 


17 1 


54-3 


966 


53-8 


999 


155 


17 9 


27-5 


16 4 


24-3 


21-5 


216 


32-4 


22 1 


363 


11S 


47 3 


75 1 


456 


72 5 


70 1 


234 


252 


172 


248 


8-63 


22-9 


45-7 


30-4 


51 3 


869 


206 


276 


173 


273 


35-0 


32 1 


28-6 


321 


292 


433 


884 


1 183 


819 


1 245 



a Values given in nmol/mg AcDP dry weight. 

hydrophobic amino acids found in fermented cocoa 
seeds and in the proteolysis products formed during 
autolysis of AcDP at pH 5 2 (Table 2), respectively, 
these hydrophobic amino acids must be located at the 
carboxyterminal ends of the peptides generated by the 
action of the aspartic endoprotease. The peptide mix- 
ture obtained after autolysis of AcDP at pH 3 5 was 
therefore subjected to degradation by carboxypeptidase 
A from porcine pancreas, which preferentially cleaves 
off hydrophobic carboxyterminal amino-acid residues 
(Neurath, 1960; Ambler, 1972). As a control, trj^ 
same peptide mixture was — in parallel — degrade^P 
with carboxypeptidase Y from yeast, which cleaves off 
carboxyterminal amino-acid residues with a very low 
specificity (Hayashi et a/., 1973; Hayashi, 1977). In 
both cases, hydrophobic amino acids were preferen- 
tially liberated, and leucine and phenylalanine were the 
predominantly released amino acids (Table 3). Further- 
more, relatively large amounts of alanine, tyrosine, and 
valine were liberated (Table 3). The patterns of free 
amino acids were rather similar to those found in 
fermented cocoa seeds and in the proteolysis product 
obtained by autolysis of AcDP at pH 5 2 (Table 2). 
However the relative proportions of alanine, valine, 
and especially tyrosine were different (compare Tables 
2 and 3). 

Analyses of the peptide patterns before (Fig. 3A) and 
after degradation with carboxypeptidase A (Fig. 3B.C) 
revealed that the hydrophobic peptides generated 
during autolysis of AcDP at pH 3-5 (Figs 2D and 3A) 
were transformed to considerably more hydrophilic 
components (Fig. 3B,C). The peptide patterns observed 
after a 5-h treatment with carboxypeptidase A (Fig- 
3C) were very similar to the peptide patterns found 
after autolysis of AcDP at pH 5-2 (Fig. 3D). 
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Tab* 4. Coco.-s.~i* »«.. J^JKI^Sm 



Sample 



Cocoa-specific aroma potential 0 
BS N 



pH-3 5 Autolysis products 
of cocoa-seed AcDP 

nH 3 5 Autolysis products 
| of cocoa seed AcDP treated 
with carboxypeptidase A 

ynthetic mixture of 
free amino acids 

•henylalanine 



0/7 
(0) 

4/7 
(57) 

0/7 
(0) 

0/7 
(0) 



0/10 
(0) 

3/10 
(30) 

0/10 
(0) 

0/10 
(0) 



J 



Sanies were f-™-*- -f roajed in 
iucing sugars as ^nbed m the ^ f the resuh . 

|nd Methods'. f independently 

a^rs^r** - numbcr of 

test persons (brackets: values i »«/.)_ m 
^Z^To^^^ fermented cocoa 
seeds (Table 2). 

When the proteolysis products were fo™uteted and 

However after treatment of these peptides wrth car- 
However, 4» porcine pancreas, the resulting 

<neeific aroma, which was recognized by 30 ana 3//o, 
SS ivTy o the members of both panels (Table 4) 
r Xantwer the question of whether the hyd-phthc 
peptides or the specific mixture o^ ^no ^ 
IrZ the essential cocoa-specific aroma precursors, we 

X a S the major 

Sad S* amino-acid m.a.ures aiso 8 ava nagauve 
results. 



DISCUSSION 

xx,iv»r and his co-workers (1976) 
roasted in the presence of free amino acds and reduc 



ine suears These observations of Mohr et al. (1976) 
have Sn corroborated by our findings that cocoa- 
soecific aroma precursors are generated during auto- 
S£ of po, y phe P no,-free acetone^, '*~*J^ 
fVom unfermented cocoa seeds (Table 1) In v«fro 
mation of cocoa-specific precursors was " c,US,Ve,y 
observed under moderate acid.c condmons (pH 5-2). 

(a) where considerable amounts of proteolysis products 

(b ) of proteolysis products were 
( similar to the patterns of V*^"*j£ 

amino acids found in standard raw cocoas 
(Fig. 2; Tables 1 and 2). 
Since both peptides and free amino ; acids > are ^ formed 
under these conditions, the question arises as to 
whether the peptides are really required for the genera- 
don of the cocoa-specific roasting aroma or whether 
he free amiracidslberated, during fermentation or 
during ™i»o proteolysis at P H 5 2, are responsible for 
the formation of the cocoa or chocolate aroma. 

Wh™ a synthetic mixture of amino acids adapted to 
the patterns of free amino acids found f erm e med 

^uTfr^^of^iaic peptides generated 
MoSSSon of cocoa seeds and during auto- 
. ■ ArDP at dH 5-2, respectively (Fig. 2A,B) 
'St*! asSntial Lcoa-spacific »o™a^~ 
These peptides, which are essential for the formation 
^ the^a-soecific aroma components during he 
masune process, are obviously generated from the 
rorvicmnWoigt e, al, 1993) by the cooperative 
action of an aspartic endoprotease and a ca^xypepn 
nr^ent in ungerminated cocoa seeas. in« 
concluffonTs based on our findings that cocoa-specfic 

Jboxypeptidase from ^^of 
resulting proteolysis product ^ 
hydrophmcpept.de (F«g. 3C ^* \ onMe 

cSerabfy to an understanding of the fermentation 
pro^ acidification of the cocoa seeds is the prerequ.site 

On thfot et S the resulting hydrophobic 
Sdefnave to be transformed to hydrophihc pepudes 
fnd hydrophobic free amino acids by the act,on of the 
carboxypeptidase present in the cocoa seeds S.nce the 
Sty of this carboxypeptidase is rather low at P H 
valu Wow 5 0 (Fig. IB: Biehl e, al., 1993). a strong 
acidification during the fermentatior .process , K> pH 
45-40) must result in raw-cocoa batches »un low 
aroma potential (cf. Biehl et al, 1985). 
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The optimum fermentation conditions (acidification 
to pH 5-5-5 0) are dependent on the optimum pH 
values of the two enzymes (aspartic endoprotease and 
carboxypeptidase) involved in the generation of the 
essential, cocoa-specific aroma precursors. 

ACKNOWLEDGEMENTS 

This work has been supported by a grant (AIF 8427) 
from the Arbeitsgemeinschaft Industrieller Forschungs- 
vereinigungen e.VVForschungkreis der Ernahrungs- 
industrie (FEI). 



REFERENCES 

Ambler, R. P. (1972). Enzymatic hydrolysis wiih carboxypep- 
tidases. Methods Enzymol., 25. 143-54. 

Bennett, H. P. J. ? Browne. C. A. & Solomon, S. (1980). The 
use of perfluorinated carboxylic acids in the reversed phase 
HPLC of peptides. J. Liq. Chroma togr.. 3. 1353-65 

Biehl, B. & Passsern, D. (1982). Proteolysis during fermenta- 
tion-like incubation of cocoa seeds. J. Sci. Food Azric 33 
1280-90. 5 " * 

Biehl, B., Wewetzer. C. & Passern, D. (1982). Vacuolar (stor- 
age) proteins of cocoa seeds and their degradation during 
germination and fermentation. J. Sci. Food Auric 33 
1291-304. * ' 

Biehl, B., Brunner. E., Passern, D.. Quesnel, V. C. & Ado- 
mako, D. (1985). Acidification, proteolysis and flavour 
potential in fermenting cocoa beans. J. Sci. Food Agric, 
36, 583—98. 

Biehl, B., Meyer. B.. Crone, G. & Pollmann, L. (1989) 
Chemical and physical changes in the pulp during ripening 
and post -harvest storage of cocoa pods. J. Sci. Food Agric, 
48, J 89—208. 

Biehl, B., Ziegler-Berghausen, H., Srivastava, S., Xiong O 
Passern, D., Heinrichs, H. & Hammoor. M. (1991). Cocoa 
specificity of proteolytic flavour precursors: the cocoa seed 
proteases. In Proceedings of the 199/ Internationa/ Cocoa 
Conference: Challenges in the 90s. 25-27 September 1991 
Kuala Lampur. Malaysia. 

Bi Hl l ? ♦ Hein r ichs - H.. Ziegler-Berghausen. H.. Hammoor, 
M. & Senyuk, V. (1993). The proteases of ungerminated 
cocoa seeds and their role in the fermentation process 
Angew. Bot. % 67, 59-65. 

Hayashi, R. (1977). Carboxypeptidase Y in sequence determi- 
nation of peptides. Methods Enzymo/., 47. 84-93. 



Hayashi, R., Moore, S. & Stein, W. H. (1973). Carboxypepti- 
dase from yeast. Large-scale preparation and the applica- 

W? SP° H " lerminal analysis of peptides and proteins. 
J. Btol. Chem. y 248, 2296-302. 

Kirchhoff, P.-M., Biehl, B. & Crone. G. (1989a). Peculiarity 
or the accumulation of free amino acids during cocoa 
fermentation. Food Chern.. 31, 295-31 1 

Kirchhoff, P.-M., Biehl, B., Ziegeler-Berghausen, H., Ham- 
moor, M. & Lieberei, R. (19896). Kinetics of the formation 
or free ammo acids in cocoa seeds during fermentation 
Food Chem 34, 1 6 1 -79. 

Mahoney, W. C & Hermodson, M. A. (1980). Separation of 
large denaturated peptides by reversed phase high perfor- 
mance liquid chromatography. Trifluoroacetic acid as a 
peptide solvent. J. Biol. Chem.. 255, 1 1 199-203 

M ?££A Bi l hI * B " Said ' M ' B & Samarakoddy. R. J. 
(1989). Post-harvest pod storage: A method for pulp pre- 
conditioning to impair strong nib acidification during 
^°304 erTnentali ° n ' n Malaysia " 3 Sci Food A Zric. 48. 

Mohr, W., Rehrle, M. & Severin. Th. (1971). Ober die Bil- 
dung des Kakao aromas aus seinen Vorstufen Fette 
Seifen, Anstrichm.. 73, 515-21. 

Mohr, W., Landschreiber, E. & Severin, Th. (1976) Zur 
Spezifitat des Kaokaromas. Fette. Seifen. Anstrichm.. 78, 
oo- 95. 

Neurath, H., Carboxypeptidase A. In The Enzymes. Vol 4 

?~ £ B T T l Mv' ^ T6y & K My-back. Academic 
Press, New York, NY, USA. and London, UK, i960, p. 

Passern, D. (1979). Zur AktivitSt und zellularen Kontrolle 
saurer Proteasen wahrend Samenentwicklung, Keimung 
und Fermentation von Kakaosamen (Theohroma cacao L ) 
Dissertation, Technische Universitat Braunschweig FRG 

Rohan, T. A. (1964). The precursors of chocolate aroma a 
comparative study of fermented and unfermented cocoa 
beans. J. Food Sci.. 29. 456-9. 

Shutov, A. D.. Lanh, D. N. & Vaintraub, I. A. (1982) Purifi- 
cation and partial characterization of protease B from ger- 
minating vetch seeds. Biokhimva. 47. 814-*>1 

S ^?~ r ™a E * & H a ° dge ' R (1 * 92) * C,onin g and sequencing 
of a cDNA encoding the major storage proteins of Theth 
broma cacao: Identification of the proteins as members of 
the victim class of storage proteins. Planta. 186. 567-76 

Voigt, J., Biehl, B. & Kamaruddin. S. (1993). The major seed 
proteins of Theobroma cacoa L. Food Chem., 47 145-56 

Ziegleder, G. & Biehl. B. (1988). Analysis of cocoa flavour 
components and flavour precursors. In Methods in Plant 
Analysis, Vol. 8, New Series, ed. H. Linskens & J. F Jack- 

kv ?fcA gCr " V ^ ae n Ber!in ' Heidel *>erg, FRG. New York. 
NY, USA, pp. 321-93. 



